The proportion of the Earth's surface that experiences a naturally dark environment at night is 28 rapidly declining with the introduction of artificial light. Biological impacts of this change have 29 been documented from genes to ecosystems, and for a wide diversity of environments and 30 organisms. The likely severity of these impacts depends heavily on the relationship between the 31 distribution of artificial nighttime lighting and biodiversity. Here, we carry out a global assessment 32 of the overlap between areas of conservation priority and the most recent atlas of artificial skyglow. 33
Introduction 45
The erosion of the nighttime through the introduction of artificial lighting, from street-lighting and 46 other sources, has pervasive environmental impacts. These span changes in the physiology and 47 behaviour of individual organisms, in the abundance and distribution of species, in the structure and 48 functioning of ecological communities, and in the provision of ecosystem services (Gaston et al., 49 2013 (Gaston et al., 49 , 2014 . A wide diversity of terrestrial, freshwater and marine organisms is influenced, 50 including microbes, plants and many groups of animals (e.g. crustaceans, molluscs, insects, fish, 51 amphibians, reptiles, birds, mammals; Gaston et al., 2013; Bennie et al., 2016) . 52 3
53
To date, attention has focussed foremost on the environmental impacts of the direct emissions from 54 sources of nighttime lighting. This is, however, only relatively narrowly spatially distributed 55 compared with the skyglow that is caused by upwardly emitted or reflected artificial light being 56 scattered in the atmosphere by water, dust and gas molecules. The latter has been estimated already 57 to extend over ~23% of the global land area (Falchi et al., 2016) . It can increase background sky 58 brightness to levels comparable to those of late twilight and moonlight, and can obscure the 59 visibility to humans of individual stars and the Milky Way (83% of the human population lives 60 under light polluted skies; Falchi et al., 2016) . It is likely to interfere with multiple biological 61 processes including activity patterns of diurnal, crepuscular and nocturnal species (which are 62 variously sensitive to timing of twilight and nighttime levels of moonlight; e.g. Moore et al., 2000 ; 63
Bachleitner et al., 2007) , and nighttime orientation and navigation (which often involves the use of 64 stars and other celestial objects; e.g. Foster et al., 2017) . Some free-living organisms are able to 65 detect and respond to extraordinarily low levels of nighttime light (e.g., Warrant et al., 2004) . 66
67
Particularly because of the contribution of light that is emitted, or reflected, at relatively shallow 68 angles to the horizontal, skyglow can extend substantial distances (up to hundreds of kilometers) 69 from urban sources of nighttime lighting (Luginbuhl et al., 2014) . This raises the potential for 70 impacts of artificial nighttime lighting to reach many globally important biodiversity areas, even 71 when these are reasonably remote from many other anthropogenic pressures. In this paper, we 72 estimate the extent of this overlap, based on the most recent global modelling of skyglow and the 73 distribution of Key Biodiversity Areas (KBAs). 74 75 76
Materials and methods 77

Data 78
Estimates of global variation in skyglow were obtained from Falchi et al. (2016) . This surface was 79 produced by the modelling of measured upward radiance from artificial sources from satellite 80 imagery (from the VIIRS DNB sensor on the Suomi National Polar-orbiting Partnership (NPP) 81 satellite), and ground measurements. The data are presented for the entire area (terrestrial and 82 marine) between approximately 85°N and 60°S, at a spatial resolution of 30-arcseconds (~1 km) as 83 a ratio of artificial brightness to natural brightness (typical night sky background excluding the 84 brightest stars and the Milky Way). The authors define the level of artificial brightness under which 85 a sky can be considered "pristine" as up to 1% above the natural background level (ratio of 0.01). 86
At a level of 8% or more above natural conditions (ratio of 0.08) light pollution extends from the 87 horizon to the zenith and the entire sky can be considered polluted. We use these two thresholds in 88 our analysis. We used a generalised linear model (GLM), with a binomial error structure and logit link function 136 to model whether a KBA had entirely pristine skies or not as a function of GDP per capita, 137 population density, the interaction between the two, and the proportion of the KBA that falls within 138 a protected area. To account for strong right skew in population density, population density was 139 categorised on a log scale (0 -1 people per sq km, >1 -10, >10 -100, >100 -1,000 and >1,000). 140
Proportion protected had a bimodal distribution with high proportions of KBAs either fully or not 141
protected at all. This variable was dichotomised as either fully protected (100 % protected) or not 142 (<100 % protected). Model fit is given by McFadden's pseudo-R 2 . Although there was significant 143 pair-wise correlation between the predictor variables, the generalised variance inflation factors, 144 standardised by degrees of freedom, were all <2 (Supp . Tables 1-2) . 145
146
Results
147
A half (51.5%) of the total number of KBAs assessed contained no area with pristine nighttime 148 skies while less than one third (29.5%) had completely pristine nighttime skies (ratio values ≤0.01 ≈ 149 up to 1 % above natural conditions; Fig. 1a) . Europe had the greatest percentage (81%) of KBAs 150 containing no area of pristine skies, followed by the Middle East (75%) and the Caribbean (64%; 151 Fig. 2a ). The only regions in which all KBAs had completely pristine skies were Antarctica and 152 Marine (Fig. 2a) . 153
About one fifth (21.0%) of all KBAs consisted entirely of area in which night skies were polluted to 155 the zenith (Fig. 1b) . However, over a half of KBAs (51.9%) are completely free of skies polluted to 156 the zenith (ratio values <0.08 ≈ up to 8 % above natural conditions; Fig. 1b) . The Middle East was 157 the region where the greatest percentage (46 %) of KBAs had nighttime skies entirely polluted to 158 the zenith, followed by Europe (34%) and the Caribbean (32%; Fig. 2) . 159
160
Of the summed global area of KBAs, more than 15% was not pristine and more than 5% was 161 polluted to the zenith (Fig. 2b) . The Middle East was the region with the greatest percentage (54%) 162 of the overall KBA area not having pristine skies, followed by Europe (53%) and the Caribbean 163 (33%; Fig. 2b ). These were also regions with the largest percentage of the overall KBA area that is 164 polluted to the zenith (Middle East -25%, Europe -19%, Caribbean -10%; Fig. 2b) . 165
166
The likelihood of a KBA having pristine skies decreased with increasing GDP and population 167 density, and the interaction between the two, and increased with proportional coverage by protected 168 areas (Table 1) . Neither the categories 1 -10 people per sq km or 10 -100 people per sq km were 169 found to be significantly different to 0 -<1 people per sq km. Where there were >100 to 1,000 170 people per sq km, KBAs were less than half as likely to be pristine (compared to 0 -<1 people per 171 sq km; Odds ratio (OR) = 0.44, 95 % Confidence interval (CI) = 0.34 -0.56). Where there were 172 >1,000 people per sq km, the likelihood that the KBA would be entirely pristine was extremely low 173 (OR = 0.02, 95 % CI = 0.01 -0.06). With every increase in GDP by $1,000 there was an associated 174 decrease in likelihood of being pristine by ~1 % (OR = 0.99, 95 % CI 0.98 -0.99). KBAs which 175 were fully protected were 1.2 x as likely to be pristine compared to those not fully protected (OR = 176 1.24, 95 % CI = 1.05 -1.7). There was also a significant interaction between population density and 177 GDP (Table 1; Fig. 3) . 178
Skyglow is often envisaged as an exclusively urban issue. However, both modelling and ground 182 measurements have shown it to be very widespread, often being propagated over long distances 183 from sources (Kyba et al., 2015; Falchi et al., 2016) . Nevertheless, it is perhaps surprising that less 184 than a third of KBAs had completely pristine nighttime skies, more than a half contained no area 185 with pristine skies, and that a sixth of the total area of KBAs was light polluted. This is especially 186 so considering that the global data on skyglow are likely, if anything, to be conservative estimates 187 of its extent. Such data are primarily estimated using satellite measurements and, as such, are for 188 'open sky' conditions (cloud-free). They therefore do not take into account the amplification of 189 poor, and likewise in areas with high GDP when these populations are at low density (Fig. 4) . Further research could also identify areas currently minimally affected by light pollution but at risk 223 of increases in future due to rapidly developing economies or with increasing populations, 224 facilitating the development of mitigation measures in these areas. 225
226
Dramatic reductions in anthropogenic pressures on biodiversity are often costly to achieve, and 227 there are commonly substantial lag times between such reductions and biodiversity responses. By 228 contrast, marked reductions in skyglow could be achieved by limiting outdoor artificial lighting to 229 levels and places where it is required by people, which would result in considerable cost savings 230 without undermining the benefits that it brings. Indeed, one might argue that environmental benefits 231 and financial savings from considered lighting policies are closely aligned (Gaston, 2013) . 232
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Interaction population density x GDP proportion of area with pristine night time skies and skies not polluted to the zenith (ratio of 318 artificial brightness to natural brightness <0.08) (bottom). Skyglow ratio thresholds are specified on 319 the χ axis. Regions displayed in alphabetical order, the marine region is excluded as it is 100 % 320 pristine. 
